Intellectual property and its protection is one of the most valuable assets for entrepreneurs and firms in the information economy. This article describes a relatively straightforward method for measuring patent value with aggregate market data and the BLP model. We apply the method to United States smartphones. The demand estimates and recovered marginal costs produce sensible simulations of equilibria prices and shares from several hypothetical patent infringements. In one simulation, the presence of near field communication on the dominant firm's flagship smartphone results in a 26 percent increase in profits per phone. This estimate provides a starting point for establishing a reasonable royalty between the patent holder and the dominant firm in a hypothetical negotiation.
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Introduction
Intellectual property and its protection with patents is arguably one of the most valuable assets for entrepreneurs and firms in the information economy. This article describes a relatively straightforward method for measuring patent value with aggregate market data on sales, prices and product characteristics and the static oligopoly model of Berry, Levinsohn and Pakes (1995) (BLP hereafter). The method can be applied to the calculation of damages and a reasonable royalty in intellectual property cases, and to the calculation of damages in trademark, copyright, trade-secret, and breach of contract cases.
The total number of utility patent applications in the United States increased from 90,643
per annum in 1990 to 288,335 in 2015 with much of the growth in computing, software, telecommunications and mobile technologies (U.S. Patent and Trademark Office, 2016) .
Cellular telephones, for example, accounted for about 16 percent of the total patents active at 2012, compared to six percent from the pharmaceutical industry. Not surprisingly, the number of patent suits filed each year has more than tripled over the same period from about 1,500 to 5,250 making innovation and market entry more costly for entrepreneurs negotiating licenses or settling disputes through the courts. The important economic costs in these settlements are the defendant's lost profits from illegal use of the patent-infringing product characteristic or "patent damages." Careful measurement of patent damages is paramount given that several recent awards have approached and exceeded one billion dollars including, for example, Polaroid Corp v. Eastman Kodak Co. (1990) , and Apple v. Samsung (2012) .
Two common approaches for estimating patent damages are stated-choice methods and natural experiments (Cameron, et al., 2014) . Stated-choice methods use choice experiments to solicit stated preferences in a hypothetical setting administered by survey. These are appropriate 2 when the researcher cannot observe (or, cleanly measure) product sales with and without the infringing characteristic. Natural experiments occur when product sales can be observed in the market. Because market data reflect the revealed preferences of consumers and the profitmaximizing decisions of firms, they typically provide good quality information for quantifying the consumer's marginal willingness-to-pay (WTP) for a patented characteristic and the associated change in profits. We use these data to estimate demand as a function of product characteristics, preferences, and unobservable utility. The demand parameters and recovered marginal costs are used to simulate firm profits in the baseline equilibrium without the patented characteristic and a new equilibrium when this characteristic is added to the infringing products.
We apply the patent evaluation method to quarterly data on United States smartphone sales from 2010 to 2015. The data fit the demand specification well as judged by the estimated positive preferences for most smartphone characteristics. For example, the representative consumer is willing to pay $98 for an additional inch of screen size, $10 for an additional megapixel of camera resolution, $64 for fourth-generation (4G) network compatibility and $87
for near field communication (NFC). There is also a large consumer premium for the dominant firm's brand name of $687. The demand estimates and recovered marginal costs produce economically sensible counterfactual simulations of equilibria prices and market shares from several different hypothetical patent infringements under Bertrand competition. In one simulation, the presence of NFC on the dominant firm's flagship smartphone results in a 26 percent increase in profits per phone. This estimate provides a starting point for establishing a reasonable royalty between the patent holder and the dominant firm in a hypothetical negotiation.
Economic studies on the estimation of patent damages are sparse. Allenby et al. (2014) apply stated-choice methods to digital cameras and show that demand-side evaluation alone can 3 sometimes overstate patent value because it omits equilibrium profits. Falk and Train (2016) compare the number of present and future citations the patent has received to the numbers received by other patents whose market values are established through negotiated royalties. In a related literature, Goldfarb et al. (2009) use a BLP model and market data to measure breakfast cereal brand value as the difference in equilibrium profits between the brand in question and its counterfactual unbranded equivalent. Sun (2012) uses a similar approach to show how applications contributed to the growth in brand value of the iPhone, BlackBerry, and Android operating systems. Our research is also related to antitrust studies of market power, for example, Nevo (2000) for cereal. Closer to the market we consider, Fan and Yang (2016) show that when the United States smartphone market contains too few products, less competition decreases both the number and variety of products.
Relative to these literatures our study makes several contributions. To the best of our knowledge this is the first publicly-available paper to measure patent damages in an equilibrium framework from transactions observed in the market. We also offer new evidence on consumer preferences and market power in smartphone markets, and use the proposed method to calculate the lost value from brand degradation through potential breach of contract by a component supplier. As an aside, we discuss how stated-choice utility coefficients, which are often more precisely estimated, can be included in the demand-side of the economic framework to validate or potentially improve the measurement of damages. The paper is organized as follows. Section 2 describes the empirical model and the data are presented in Section 3. Section 4 presents the demand results and Section 5 uses these estimates and recovered marginal costs to simulate patent damages under several alternative scenarios. Section 6 concludes.
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Empirical model
Background
The Panduit test provides the starting point for measuring patent value. The test requires that the plaintiff establish demand for the patented product characteristic, an absence of acceptable non-infringing substitutes, manufacturing and marketing capability to exploit the demand, and the amount of profit that would have been made. 2 When these conditions are met, values can be calculated in a similar fashion to the damages in antitrust cases for price fixing and mergers. This requires specification of an economic model of demand, supply and competition as suggested by BLP, and the construction of counterfactual markets where the potential patent infringement is absent and present. When the patent holder is inside the market, patent value is measured by its lost profits as a result of the infringement. When the patent holder is outside the market, the profits earned by the infringing firm provide a starting point for establishing a reasonable royalty rate between the patent holder and the dominant firm in a hypothetical negotiation over the legal use of this technology.
Demand
To estimate the impact of an infringing product characteristic, we begin by specifying a random-coefficient logit (RCL) model of consumer demand in a differentiated product market.
Demand is described by the random-utility framework where the consumer can choose to purchase the product in question (e.g., digital camera, DVR, game console, smartphone, Tablet, etc.) or choose the outside option of no purchase (McFadden, 1974) . The utility consumer i = 1, 2, … , N obtains from purchasing product j = 1, 2, … , J in time period t = 1, 2, … , T is: Stablin Bros. Fibre Works, Inc., 575 F.2d 1152 (Sixth Circuit 1978 . See Keeley (1999) and Sidak (2016) for a more detailed description of the law and economics of patent infringement cases.
(1) where x jt is a K × 1 vector of product characteristics k for model j in period t, p jt is the price of product j in period t, λ f(j) is a time-invariant brand fixed effect that measures the consumer's average preferences for a brand with f(j) indicating the manufacturing firm f for model j, γ t is a product-invariant fixed effect that controls for changes in consumer's preferences for smartphones through time, ξ jt is an unobserved demand shock for product j in period t, β i is a K × 1 vector of marginal utilities for the k non-price product characteristics, α is the marginal utility of income, and ε ijt is an unobserved random error term that is assumed to be independently and identically distributed extreme value.
We follow the standard approach in the literature and assume that the demand parameters for the non-price characteristics are independently and identically distributed random variables that vary across the population of consumers according to the normal distribution β i ~ N(β, Σ), where β and Σ are the additional demand parameters to be estimated. The mean utility for product j at time t is described by
and the mean utility from the outside option j = 0 is normalized to zero.
Since the error term ε ijt is distributed type I extreme value, the market shares for all products and the outside good at time t for a given set of demand parameters is:
which is interpreted as the weighted sum of the individual consumer choice probabilities across the whole population, with the weights given by the probability distribution G(β i ). The J × 1 vector of mean utilities for each period can be retrieved and solved for the demand parameters using the contraction mapping suggested by BLP and non-linear generalized method of moments 6 (GMM). The identifying assumption for the non-linear GMM estimator is:
where z jt is a R × 1 vector of instruments with R -K > 0 excluded instruments correlated with price but uncorrelated with the structural error term. In the supply-side below, the estimated demand parameters α, β, λ f(j) , γ t , ξ jt and Σ are used to calculate the vector of product market shares for each period as well as the matrix of share price derivatives.
2.3
Supply-side and the equilibrium calculation of patent damages
The supply-side is described by a static Bertrand game with constant marginal costs. For ease of notation, we assume a given time period for supply and omit the time subscript from subsequent description of the economic model. There are f = 1, 2, … , F firms, with each firm producing some subset, f  , of the j different products. Profits for firm f are:
where mc j is the constant marginal cost of product j, M is market size or the number of customers who may potentially buy a product, s j (p) is the market share of product j, which is a function of all product prices represented by the vector p, Ms j (p) is the quantity of product j sold in the market, and FC f is the fixed cost of production for firm f.
In the static Bertrand oligopoly model, firms set profit-maximizing prices in response to what they expect their rivals do. Specifically, each firm is assumed to choose prices that maximize profits given the demand functions and characteristics of its own products and the prices, demand functions and characteristics for competing products. Firm entry and exit decisions are assumed exogenous to the pricing decision. Given the existence of a pure-strategy
Bertrand-Nash equilibrium in prices, and the prices that support it are strictly positive, the price 7 p j of any product j produced by firm f must satisfy the first-order condition for profit maximization:
The J equations of all the first-order profit-maximizing conditions for the J products for multiproduct firms can be rearranged into the vector of product markups:
where p is the J × 1 vector of product prices, mc is the J × 1 vector of product marginal costs, With the baseline and new equilibria prices and market shares calculated, the change in profits due to the patent-infringing product characteristic under consideration is:
where N indicates the value for the relevant economic variables in the new equilibrium and B their value in the baseline equilibrium. Marginal costs have been superscripted in equation 7 to allow them to potentially change for infringing firms in the new equilibrium. This flexibility is permitted because it is often difficult to determine whether a firm is actually infringing on a 8 patent and in some cases, the infringement may be unknown and unintended. For example, the infringing firm may be purchasing a key component from the input market, but does not know that the supplier has potentially infringed until after production and sales have occurred. 
Smartphone industry
Market overview
We apply this patent evaluation method to smartphones. A smartphone is a high-end mobile phone similar to a hand-held minicomputer. It offers a variety of product characteristics for advanced voice, text, multimedia and Internet functionality, and uses an operating system to seamlessly run third-party software known as applications. There are two costs to having a smartphone. One is the cost of the actual phone as indicated by a typical full retail price of about $400. The other is the consumer's monthly cost, which depends on whether the consumer is buying their phone on an installment plan, and how much data, talk, and text they need from their service provider. The typical service plan for a smartphone is about $50 per month. 4 In contrast, a feature phone is a low-end mobile phone with basic functionality and limited access to applications. The typical price for a feature phone is about $100 and the monthly service plan is often less than $10. Figure 1 shows the recent rapid growth in smartphone sales and revenue in the United
States. According to IDC (2016) there were about 667 million smartphones sold in the United 3 Keeley (1999) notes that the input supplier is likely to have contracted for rights to at least some patents relevant to the component it is selling and these patent rights are transferred to component customers through official sales. However, with the existing patent thicket and increased cross licensing between different input suppliers and manufacturers it is not always clear that there is an actual infringement. 4 The structural error term ξ jt in equation 1 represents the deviation of unobserved demand shocks from the quarterfirm brand name. These include promotions, quality of service, and the price, quality and incentives of the service plan from the cellular data service provider. In Section 4, we use non-linear GMM with instrumental variables to control for the potential effects of these unobserved characteristics on price.
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States between 2010 and 2015 with total revenue of $330 billion. These large revenues, for example, $17.5 billion during the June quarter 2015, have created incentives for patent holders to assert their patents for short-run financial rewards or for long-run strategic advantages (Armstrong, et al., 2014; IDC, 2016) . The convergence of different voice, data and multimedia technologies, which were previously in separate devices, has also led to increased competition between firms that historically supplied goods in different markets. For example, Ericsson, Motorola and Nokia are traditional telecommunications companies now facing competition from computing companies such as Apple, Microsoft and Sony. This competition has resulted in frequent assertions of declared standard essential patents by the traditional companies, which have a large stock of patents. The new entrants, in turn, have largely asserted patents that cover technologies on computer-driven features and new forms of design that were not present in older mobile devices (Armstrong, et al., 2014) . RPX Corp. (2011) estimate that there are about 250,000 current patents relevant to the smartphone which provides a large number of potential infringements for rivals inside the market and non-practicing entities outside the market.
Sample data
We estimate consumer demand with quarterly data on United States smartphone sales, prices and product characteristics from IDC (2016). The data are aggregated to the product level across 22 national markets ("quarters") from March 2010 to June 2015 initially giving rise to 3,346 distinct product-market observations. Our starting assumption is that the consumer's outside option is to purchase a feature phone. The market share for each smartphone product j in market t (s jt ) is therefore the quarterly unit sales of that particular product divided by the 10 quarterly market size (M t ), where market size is the sum of total smartphone sales and total feature phone sales. Some product characteristics in the sample are recorded as a band, for example, "1GB -4GB" for embedded memory band (STORAGE). Since estimation of demand requires a single value, we assigned the midpoint of the band as the value to STORAGE, MEGAPIXELS and CPU.
Data on battery life, pixel density and the number of quarters since the product's release are not reported in the underlying data from IDC. We obtained these data directly from third-party websites, such as www.GSMArena.com, www.PhoneArena.com, and www.Specout.com, who in turn gather this information mainly from the web sites of manufacturers. Furthermore, as shown in Figure 2 , while the price of a specific product declines to an average low of about 70 percent of its initial price before it is removed from the market, as newer products are introduced the price of smartphones overall has not dropped significantly. New smartphone products are, however, regularly upgraded with improved product characteristics. Table 2 shows an upward trend in storage capacity, screen size, CPU speed and efficiency, and camera quality from 2010 to 2015, but the average age for a smartphone has remained relatively stable at approximately nine months. Given this evidence, we assume static consumer demand for non-durable smartphones and estimate patent damages from short-term profits. 9 However, recognizing that this assumption may not hold perfectly, we follow Lou et al. (2011) by including AGE in our demand specification. This controls for the option value from waiting for future products and helps alleviate the potential positive bias on the price coefficient from forward-looking consumer behavior. 9 Specifically, consumers do not consider future changes in prices in current decisions. A dynamic demand model along the lines of Gowrisankaran and Rysman (2012) may be more appropriate for digital cameras and camcorders where demand is a function of its price and product characteristics, and the expected utility from purchasing new products supplied in the future with improved functionality and dramatically lower prices. 10 Fan and Yang (2016) assume static demand in their study of product proliferation in United States smartphone markets. Wang (2017) also assumes static demand in his study of product life cycles in Chinese smartphone markets, and includes a flexible specification of the outside good to control for heterogeneity in the quality of consumer's current smartphone over time.
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The number of firms inside the United States smartphone market is reasonably stable over our sample period. While we do observe some firm entry and exit, the firms involved never manage to obtain a significant share of the market. There are 16 firms that enter the market between 2010 and 2015, three of which exit before the end of the period, with seven exits in total. Of the entrants, the average quarterly market share is 1.12 percent, and no single firm achieves a share greater than 6.48 percent in a quarter. The collective market share of the entrants averages 8.8 percent over the periods in which at least one is in the market, with a maximum of 13.5 percent. Collectively, the entrants never reach the average market share of the third largest firm in the market. devices, such as smartphones (Armstrong et al., 2014) . It can be used for in-store payment applications like "mobile wallet", for bumping phones to share games, photos and videos, etc., and to synch up with a personal audio system. About 48 percent of high-price smartphones have NFC compared to 19 percent for low-price phones. Given its increasing popularity in cellular devices, particularly in the high-end smartphones supplied by Apple and Samsung, one can expect that there will be increased focus on NFC licensing and litigation in the future (Armstrong et al., 2014 , IDC, 2016 .
Demand estimates
Estimation and instrumental variables
We estimate demand by applying BLP's GMM estimator to the sample moment condition implied by equation 4. Following standard practice in the literature, we choose cost shifters and BLP-type product characteristics of the other products from the same firm as the instruments for price. The identification of the demand parameters in consumer utility comes 16 from the variation in consumer choices across the different choice sets supplied by firms. The key assumption is that the cost shifters are exogenous to consumer preferences and that the product characteristics within the choice sets are exogenous to unobserved demand shocks. The standard argument for BLP-type instruments is that firms make decision about their product characteristics before observing the demand shocks.
The cost shifters are Q_PROCESSOR (equals one when the manufacturer uses a Qualcomm processor in the smartphone and zero otherwise) and V_PROCESSOR (equals one when the manufacturer uses their own processor in the smartphone and zero otherwise).
Qualcomm processors are typically more efficient than smartphone manufacturer's processors so Q_PROCESSOR is expected to be negatively correlated with price through the price-cost markup equation 6 and V_PROCESSOR is expected to be positively correlated. Due to collinearity problems with the time fixed effects, we had little initial success identifying consumer demand with the typical BLP instruments used in the literature. These include the sum and average of product characteristics for all other products produced by the same firm, and the sum and average of product characteristics for all other products produced by rivals, and the sum and average of the characteristics for all other products. We overcome these problems by using the deviation from the average of the characteristics for all other products produced by the firm in a given market (quarter). By the argument above, these instruments are correlated with prices through the price-cost markup and not correlated with unobserved utility, unless consumers have a social preference for individualism or conformism and this is revealed to firms when selecting the location of their product characteristics (Akerlof, 1997 , Shy, 2001 Table 4 presents the demand estimates for equation 1. It is possible that products with unusually low sales are outliers, so we estimated utility on a sample of products with 100 or more unit sales per quarter. We also excluded some relatively older products with secondgeneration (2G) network compatibility. The final sample for demand estimation is 3,289 product-market observations. Although they are not reported, all model specifications include brand fixed effects (λ f(j) ) and time fixed effects for each quarter in the sample (γ t ).
Columns one and two of Table 3 report ordinary least squares estimates with fixed marginal utility coefficients ("Logit-OLS"), columns three and four report GMM estimates with fixed marginal utility coefficients ("Logit-GMM"), and columns five and six report BLP estimates with random coefficients on STORAGE and CORE ("RCL-BLP"). 12 The market data fit the demand specifications reasonably well as judged by the signs of the estimated marginal utility coefficients. The marginal utilities for most non-price product characteristics are positive and the marginal utility for price is negative. 13 The estimate of price in the Logit-OLS specification in column one is relatively small in absolute terms and this estimate becomes larger as the potential endogeneity of price is controlled for with instrumental variables in columns three and five. This finding is consistent with smartphone prices being positively correlated with unobserved demand shocks.
Because it is the most general specification and controls for the endogeneity of price, we 12 An F statistic for the joint significance of the eight excluded instruments in the first-stage regression of price on all exogenous variables and instrumental variables indicates that the excluded instruments are relevant. The Hansen J statistic cannot reject the null of zero correlation between the instruments and errors and indicate that the instruments are valid. The excluded instruments are the two cost shifters and the transformed demand variables STORAGE, SCREEN SIZE, CPU, CORE, 4G and NFC. 13 We apply the log transformation to price in all demand specifications so that the price sensitivity of consumers is less elastic for high-end smartphones. For robustness, we also estimated demand with linear price. The results, not reported, are qualitatively similar to those reported in Table 4 , but produced lower markups in the profit simulations.
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concentrate our demand discussion on the RCL-BLP model in columns five and six. 14 The standard deviations on the random coefficients are large when compared to their mean marginal utility coefficients suggesting that tastes for smartphone storage and CPU cores vary in the consumer population. Some population segments may prefer more storage capacity so that they can conveniently keep and post more photos, songs and other files to and from their smartphone, while other consumers may dislike more storage due to privacy concerns. Similarly, some population segments may prefer more CPU cores for increased processing speed and efficiency, while others may be concerned that they will use their phone more and exceed the data limits on their monthly service contract. Overall, the results from the alternative demand specifications are similar to the RCL-BLP results in Table 4 , which suggests they are reasonably robust. The next section uses these results in the supply-side to recover marginal costs and to simulate firm profits. 15 We estimate demand over 22 quarters because this data has complete information on smartphone characteristics. For robustness, we also estimated demand with the first two quarters omitted, and again with last two quarters omitted. The results are qualitatively similar to the full sample demand estimates reported in Table 4 .
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Simulations
Market structure
We simplify the simulation of firm profits by assuming there are eight firms supplying smartphones in the June quarter of 2015, the last quarter of our sample. We chose these firms because they account for over 90 percent of actual sales and because the market share of the ninth firm is often below one percent. 16 For each of these firms, we identified a primary and secondary smartphone to replicate their flagship and non-flagship products, respectively, simulating each firm maximizing profits as a multi-product manufacturer. The flagship phone is the product with the most sales of high-end phones with a price of $400 or more. When the firm sells no high-end phones, or if a phone in a lower price category generates more revenue, then the flagship is selected from their mid-range and low-end products. The secondary (or nonflagship) phone is the product with the greatest revenue from the middle-range products with prices above $199, but below $400. Table 5 lists the smartphone product names, market prices, market shares and product characteristics for the 16 smartphone products used in our simulation.
The two products for each firm represent the entire product line for each of the multiproduct firms in the simulations. We attribute each firm's entire market share to these two smartphones by using the within-firm relative share of each product. For example, if the flagship phone generated 70 percent of the sales observed for the two representative products of a firm (leaving 30 percent to the secondary phone) with ten percent total market share, then the flagship will receive 70 percent of the firm's overall market share; in this case, seven percent of the total market. The non-flagship phone will receive the remaining 30 percent, or three percent of the total market. While somewhat simplified, we think this accurately reflects key aspects of the 21 market structure of the smartphone industry in terms of the number of important manufacturers, multi-product supply, market share, and prices.
Brand fixed effects are included in the demand specification to account for the average market demand from unobserved factors among the different firms. However, because they are estimated for the entire sample period and our simulation is for the most recent period in the data, these constants require recalibration to the second quarter of 2015. Following Train (1986),
we recalibrate the brand constants according to:
where
λ is the original estimated value for λ f(j) in equation 1,
λ is the first adjusted value, s j is the actual market share observed in the data and 0 j s  is the demand model's initial predicted market share before adjustment. Because each firm has two products in the simulation, the new constants are calculated to be specific to the flagship or non-flagship product, adjusted for the difference in shares from the observed market share. For example, if the flagship phone is assigned 70 percent of the firm's market share in the quarter, but the estimate in equilibrium is 65 percent, the five percent difference in the natural log of shares is added to the phone's constant. This is done through an iterative process, where the constant is corrected after simulation, the share is re-estimated, and the correction repeats. We run 20 iterations for each correction in our model, as we find this is sufficient to remove any significant difference between the simulated and actual market shares.
Given prices and estimated demand parameters, we first solve equation 6 for constant marginal costs with the market structure described by Table 5 . We assume constant marginal costs based on commentary by industry insiders and technology websites. Analysts suggest that cost advantages are achieved at scale where input pricing for components is discounted in bulk.
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We can imagine a scenario where a manufacturer facing unexpectedly high demand may have to employ additional suppliers, and marginal costs increase from the unexpected contract. During normal operations, however, we expect the constant marginal cost assumption will hold. 17 The last two columns of Table 5 report recovered marginal costs and own-price elasticities of demand for the 16 smartphone products that will be used in our simulations. The own-price elasticities of demand range from -2.702 to -3.917 and imply markups of around 25 to 35 percent. These are similar to the estimates of market power for camcorders by Gowrisankaran and Rysman (2012) and for the wireless industry by Cullen et al. (2016) . Marginal costs also seem plausible for most products. For example, our cost estimates for Apple's iPhone of $302 to $352 are close to industry breakdown calculations of $227 to $288, and our cost estimates for ZTE of $148 to $171 are also close to industry calculations of about $184 (Sherman, 2013; Techinsights, 2016) . 18 The one potentially uneasy feature of the baseline results is the relatively high marginal costs for the flagship smartphones of HTC and Motorola.
Patent infringement
The economic model in the counterfactual analysis can flexibly accommodate a patent holder that is inside or outside of the market, any individual product characteristic, and either single-or multi-firm patent infringers. We include several scenarios below as examples of the potential to calculate patent value with this method.
23
The first scenario illustrates the potential profits earned by a single dominant firm, in this sample, Apple, when infringing on the NFC patent held by a third-party non-practicing entity outside of the market. NFC functionality is first removed from all phones in the market and prices, shares, and profits are calculated. The removal of NFC from any smartphone that has the technology in the actual marketplace is assumed to decrease marginal cost by $12. 19 NFC functionality is then added to Apple's flagship smartphone in violation of the patent, and the new equilibrium prices, shares and profits are calculated. Of the two Apple phones chosen for the second quarter of 2015 only the flagship has NFC technology, so it is the only phone to receive the infringing characteristic in this counterfactual. Table 6 profits for the eight firms increase by $1.17 billion and they collectively gain about two percent market share from the outside option, with all of the gains accruing to the dominant firm. Table 7 presents the results from a second scenario where the dominant firm inside the market is the holder of the NFC patent and the second largest firm, Samsung, infringes. In contrast to the first scenario, this represents a situation where the patent holding firm inside the market could potentially lose profits because of the patent infringing behavior of a rival. 20 In this scenario, Apple loses $353 million with most of this loss attributed to a reduction in the margins for both of their products. These lost profits provide a measure of the compensatory damages to the patent holder as a result of the patent infringement on NFC technology.
As an interesting aside, Samsung's margins increased dramatically when NFC functionality is supplied on their smartphone products and their profits increase by 80 percent. This is not surprising since Samsung is a large player in the market and NFC availability on its phones reduces the competitive advantage of the dominant firm. The other six firms in the market collectively lose $202 million from Samsung's infringement with most of their losses arising from lost market share rather than large reductions in margins.
5.3
Survey-based preferences Horsky et al. (2006) and Goldfarb et al. (2009) note that survey-based estimates of consumer preferences can also be a useful input into the utility function used for profit simulations. For example, in our demand model we cannot estimate the separate marginal utilities for storage capacity and memory card access, respectively, because these two 25 characteristics are highly collinear in the market data. However, we do have a conjoint estimate of the marginal utility of MEMORY SLOT (equals one when the smartphone has a slot for memory cards that support additional capacities, and zero otherwise) from a prior study of 1,000 survey respondents. We include this conjoint estimate of marginal utility, which is approximately valued at $15, as an additional preference parameter in our demand model and repeated scenarios one and two described above. The results from these scenarios, not reported, are very similar to those reported in Tables 6 and 7 , but the prices and profits are slightly higher for phones with a slot for memory cards. These findings suggest that our estimated demand specification, described by equations 1 and 2, is reasonably robust and, if required, could be used to simulate the profit effects from an infringement on a patented characteristic that is not readily measured by aggregate market data. 
Breach of contract
The valuation method employed in this paper can also be applied to the calculation of damages in a breach of contract case. We consider a scenario where a component supplier fails to deliver a properly functioning input, such as a cell phone battery that tends to overheat and explode with heavy use, seen in Table 8 . Because the smartphone firm has a faulty product and may suffer a reduction in brand value, they may want to sue the component supplier for breach 26 of contract. 22 In the spirit of Goldfarb et al. (2009) and Sun (2012) , we use our model to estimate the likely damages to the smartphone firm from such a scenario.
For illustrative purposes, assume a breach of contract for the second largest firm in the market, Samsung, which has an estimated brand value of $293 (s.e. = 59.55) per smartphone from our market demand estimates in Table 4 . Further, assume that a consumer survey reveals a loss in confidence in the Samsung brand of 15 percent due to the malfunctioning battery. We degrade the Samsung brand by this amount through a reduction in its estimated brand-specific fixed effect. We then calculate the new equilibrium prices, shares and margins under this brand degradation scenario and compare them to the firm's prices, shares and margins without this degradation, initially reported in Table 5 .
The results from this scenario show that Samsung has moderate price reductions, but loses substantial market share of 5.2 percent. Their resulting lost profits of $463 million provide a measure of the potential compensatory damages owed by the component supplier to Samsung for breach of contract. 23 We also note that the decline in Samsung's brand permits Apple to increase profits by $199 million and permits the other six firms to collectively increase profits by $109. Interestingly, most of the firm's price increases besides Apple are less than one percent, and several firms reduce prices on some of their products to capture more share. These firms gain enough market share so that the top eight firms collectively lose very little to the outside option as a result of Samsung's decline in brand value. 22 Faulty products and recalls are frequent in smartphone markets. For example, Apple recalled some iPhone 5 phones because they suddenly experienced shorter battery life or need to be charged more frequently. Consumers have also reported that when physical pressure is applied to an iPhone 6 or 6 Plus, it may bend. 23 The Harris Poll 2016 Reputation Quotient Rankings placed Samsung 49 th among the United States 100 most visible companies. Given they were ranked in the top 10 for 2013 to 2015, it possible that their exploding handset problem and the arrest of a senior executive on bribery charges has negatively affected the firm's brand in the actual marketplace. See http://www.theharrispoll.com/reputation-quotient.
Conclusions
This article described a method for measuring patent value with aggregate market data and the BLP approach and applied the method to United States smartphones. To the best of our knowledge this is the first publicly-available paper to measure patent value in an equilibrium framework from transactions observed in an actual market. Demand estimates and recovered marginal costs were used to produce sensible simulations of equilibria prices and shares from several hypothetical patent infringements. In one simulation, the presence of near field communication on the dominant firm's flagship smartphone results in a 26 percent increase in profits per phone. This estimate provides a starting point for establishing a reasonable royalty between the patent holder and the dominant firm in a hypothetical negotiation for the authorized use of NFC technology.
The underlying economic framework used to measure patent value with market data is standard in the literature, well grounded in economic theory and econometrics, and relatively straightforward to apply. This is particularly advantageous for legal negotiations and settlements where the courts and lawyers work within much shorter time horizons than typical academics.
The patent valuation method can also accommodate marginal utility coefficients that are estimated from conjoint experiments to measure the potential damages from a product characteristic that is imperfectly measured with market data. Mixing conjoint and market data in a formal integrated approach along the lines of Brownstone et al. (2000) and Horsky et al. (2006) would be a useful area of future research.
The hypothetical scenarios described in this study are for academic interest and we do not suggest that any of the firms are actually infringing on patents or breaching contracts. 
